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SUMMARY

This report is a summary of the geology, structure, petroleum potential,
and seafloor geologic hazards of the study area for proposed Outer Continental
Shelf lease sale no. 88. This area includes the continental margins of
southeastern Alaska and the northern Gulf of Alaska, the Pacific Ocean basin
adjacent to these areas, and lower Cook Inlet and Shelikof Strait. Five prior
sales have been held in the areas covered by the study area. Eighteen wells
drilled since these lease sales have discovered no commercial oil or gas.

This report summarizes and augments resource reports prepared for the earlier
sales, and emphasizes new data and interpretations that have become available
since publication of the earlier reports.

Although drilling results in the northern Gulf of Alaska have so far been
disappointing, there are still reasons for considerable optimism for the
eventual discovery of commercial hydrocarbon accumulations. The major
positive consideration is that studies of dredge samples and onshore oil seeps
have shown that oil is being generated in an organic rich, lower to middle
Eocene sedimentary sequence. Organic rich samples that may be potential
source rocks are present throughout the entire Eocene-Oligocene sedimentary
sequence, a sequence that is from 2 to 4 km thick and underlies the
continental shelf and slope from Fairweather Ground to Kayak Island, an area
of about 30,000 km“. Most of the dredge and onshore samples are thermally
immature to marginally mature, but rocks similar to those sampled should be
more mature beneath the continental shelf. The Eocene and Oligocene organic
rich sedimentary rocks are not known to be present beneath the southeastern
Alaska or Middleton segments of the continental shelf and slope, or from
strata in the adjacent Pacific Ocean basin. These areas likely have poor
resource potential.

Numerous potential traps are present throughout the continental margin of
the northern Gulf of Alaska, particularly in large anticlinal folds in the
southeastern Alaska segment (Dixon Entrance to Cross Sound), the Yakataga
segment (Icy Bay to Kayak Island), and the Middleton segment (Kayak Island to
Montaque Island). The Yakutat segment (Cross Sound to Icy Bay) lacks major
anticlinal folds like the folds to the west, although one large, gentle fold
is present. Additional traps in this segment are likely to be subtle.

Major negative factors for the eventual discovery of commercial
hydrocarbons in the Gulf of Alaska include the negligible source and reservoir
rock potential of the thick late Cenozoic strata, the lack of major traps in
the Eocene-0Oligocene strata of the Yakutat segment, the deep burial of the
Eocene-Oligocene strata beneath the Yakataga segment, and the generally poor
reservoir rock potential throughout the Cenozoic sedimentary section.

Drilling in the northern Gulf of Alaska has tested the upper Cenozoic
strata, but so far has not adequately tested the Eocene-Oligocene strata. The
primary exploration strateqgy for the Gulf of Alaska is now the search for
Eocene-0Oligocene strata in the Yakutat and Yakataga segments. Discovery of
economic petroleum is largely dependant on finding these strata in favorable
traps, at drillable depths, and with adequate reservoir rocks.

Geologic hazards in the northern Gulf of Alaska include high seismicity
and the associated risk of seafloor displacement due to faulting or regional
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warping. Numerous faults are present at or near the seafloor throughout the
Gulf of Alaska study area. The historical seismicity record also indicates
that at least part of the study area is a seismic gap, the Yakataga seismic
gap, and is particularly susceptible to a great earthquake (magnitude greater
than or equal to 7.4). Large areas of the seafloor are covered by thick,
unstable sediment, and are subject to slumping and sediment mass movement.
These sediments are particularly susceptable to slumping due to cycli¢ loading
by either earthquakes or storm waves. Additional potential hazards include
near-surface gas charged sediment, large scale erosion and deposition of
sediment due to currents, buried channels, and tsunamis.

Drilling in the lower Cook Inlet has also been disappointing; however, no
drilling has yet occurred in Shelikof Strait. Most of the attractive
structures have been leased already, and mainly subtle traps remain to be
leased in sale no. 88. Thick Mesozoic rocks beneath lower Cook Inlet and
Shelikof Strait probably contain potential source rocks. Reservoir rocks are
mainly of Cenozoic age. However, the Cenozoic section is thin in the region
of lower Cook Inlet and Shelikof Strait.

Geologic hazards in the lower Cook Inlet-Shelikof Strait region include
high seismicity, and resultant ground shaking, surface faulting, surface
warping, ground failure, and tsunamis. Active volcanoes create a danger of
explosive volcanism, lava flows, ash falls, and nuee ardentes or lahars,
especially in coastline areas and near Mt. Augustine. Thick sediment deposits
may undergo failure, but do not appear to pose unusual geotechnical
problems. Gas-charge sediment may be locally present in the unconsolidated
sediment, as may areas of sediment venting due to liquifaction. Tidal
currents in lower Cook Inlet can create problems associated with scour or
movement of large bedforms; these problems are not a significant concern in
Shelikof Strait.



INTRODUCTION

This report summarizes data concerning the study area for Outer
Continental Shelf lease sale no. 88. The study area consists of the
continental margins of southeastern Alaska from Dixon Entrance to Cross Sound
and the northern Gulf of Alaska from Cross Sound to Montague Island, the
Pacific Ocean basin that is contiguous to these two areas, and Cooijnlet and
Shelikof Strait (fig. 1).

Five lease sales have been held in areas under consideration for lease
sale no. 88. These sales include three in the Gulf of Alaska: sale 39 in
1976, sale 55 in 1980, and a reoffering sale in 1981. Ten offshore wells were
drilled on tracts leased during sale 39, with no discoveries of commercial oil
or gas. None of the tracts leased during sale 55 or the reoffering sale have
been drilled. Two sales have been held in the Cook Inlet-Shelikof Strait
area, sale CI in 1977, and sale 60 in 1981. Eight subsequent exploratory
wells drilled on these tracts have found no discoveries of commercial oil or
gas.

Prenomination reports were prepared for these earlier sales: for the
northern Gulf of Alaska, see Plafker and others (1975, 1978) and for Cook
Inlet and Shelikof Strait, see Magoon and others (1975, 1976, 1979). The
present report summarizes and augments these earlier reports. The major
emphasis of this report is on new data and interpretations that have become
available since publication of earlier reports, and on data from areas not
included in prior lease sales.

This report consists of the seven chapters listed below.

Chapter I. Geology, structure, and petroleum potential of the southeastern
Alaska and northern Gulf of Alaska continental margins: by
Terry R. Bruns and George Plafker.

Chapter II. Geology, structure and petroleum potential of the Cook Inlet-
Shelikof Strait region: by Michael A. Fisher and Leslie B.
Magoon.

Chapter III. Resource assessment: by Robert H. McMullin.

Chapter IV. Northern Gulf of Alaska environmental geology: by Paul. R.
Carlson and William C. Schwab.

Chapter V. Geotechnical investigations related to geologic hazards:
northern Gulf of Alaska: by Homa J. Lee and William C. Schwab.

Chapter VI. Lower Cook Inlet environmental geology: by Monty A. Hampton.
Chapter VII. Shelikof Strait environmental geology: by Monty A. Hampton.

Chapter VIII. Seismic activity in the northern Gulf of Alaska since 1974: by
Christopher D. Stephens and Robert A. Page.
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CHAPTER 1

GEOLOGY, STRUCTURE, AND PETROLEUM POTENTIAL
OF THE SOUTHEASTERN ALASKA NORTHERN GULF OF ALASKA CONTINENTAL MARGINS

by
Terry R. Bruns and George Plafker
INTRODUCTION

For convenience of discussion of the proposed sale area in the Gulf of
Alaska, we have divided the area into four geologically or physiographically
distinctive continental margin segments, each of which includes the
continental shelf, slope, and base of slope for the respective segment. From
east to west, the segments are the southeastern Alaska segment from Dixon
Entrance to Cross Sound, the Yakutat segment from Cross Sound to Icy Bay, the
Yakataga segment from Icy Bay to Kayak Island, and the Middleton segment from
Kayak Island to Montague Island (fig. 2). The sections on geology and
geologic history will consider the entire Gulf of Alaska. The sections about
structural framework, and petroleum geology will be written on a segment by
segment basis.

GEOLOGIC SIMMARY
Onshore

Rocks of Mesozoic and older age border onshore Tertiary rocks in the high
Chugach and St. Elias mountains on the north, and form the seaward band of
rocks exposed on the islands of southeast Alaska. These rocks are highly
deformed, locally metamorphosed sedimentary and volcanic rocks, and they are
commonly intruded by igneous plutons (Plafker, 1971; Plafker and others, 1975,
1978a). The pre~Tertiary rocks are considered to have no potential for
petroleum and will not be considered further.

The onshore Gulf of Alaska Tertiary province, between Cross Sound and
Montague Island, is a compound continental margin basin made up almost
entirely of terrigineous clastic rocks with minor coal. Bedded Cenozoic rocks
onshore consist of both marine and non-marine units with a cumulative post-
Paleocene thickness of at least 15 km. These rocks are broadly divisible into
three subdivisions, described below, that correspond to major changes in the
tectonic and depositional environment of the basin. 1. An early Tertiary
sequence, Paleocene through early Oligocene age, includes the Orca Group, and
the Kushataka, Kulthieth, and Tokun Formations. Rocks in this sequence are
characteristically hard, dense, and variably deformed and faulted. The rocks
are composed of deep-sea fan deposits and associated volcanic rocks of
Paleocene age, and continental to shallow marine coal-bearing clastic rocks of
Eocene to early Oligocene age. 2. A middle Tertiary sequence, middle
Oligocene through early Miocene age, includes the Katalla, Poul Creek, and
Cenotaph Formations, composed primarily of mudstone and siltstone. 3. A late
Tertiary through Holocene sequence includes the Yakataga, Redwood, and Topsy
Formations. These strata are composed of mudstone, muddy sandstone and
conglomeratic sandy mudstone, and are classed as marine diamictite
characterized by abundant glacial detritus (Plafker, 1971; Plafker and

11
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Addicott, 1976; Plafker and others, 1975, 1978a; Winkler, 1976).

General geologic features of the onshore Tertiary basin, including
stratigraphy and structure, a correlation chart of stratigraphic units in the
basin, and the approximate thickness and inferred correlations of selected
surface and well sections have been summarized in prior prenomination reports
(Plafker and others, 1975, 1978a) and publications (Plafker, 1971, 1974;
Plafker and Addicott, 1976; Winkler, 1976; and Winkler and others, 1981) and
will not be repeated here.

Of fshore

The geology of the southeastern Alaska segment can be inferred only from
seismic reflection data. Acoustic basement is near the surface over much of
the shelf, and rocks forming the acoustic basement are probably similar to
Paleozoic and Mesozoic rocks exposed in the nearby southeastern Alaska
islands. A sedimentary sequence about 2 km or more thick is present locally
beneath the outer shelf, and beneath the continental slope and the base of the
slope. These strata are probably of Miocene and younger age, based on a
correlation of seismic data to the rocks sampled in DSDP hole 178 near Kodiak
Island (von Huene and others, 1979; Bruns, unpublished data) and on the age of
the underlying oceanic crust as inferred from magnetic anomalies (Naugler and
Wageman, 1973; Taylor and O'Neill, 1974).

Mesozoic through Pliocene age rocks underlie the continental slope of the
Yakutat segment, and have recently been sampled by dredging (fig. 3-5; Plafker
and others, 1978c, 1979, 1980). These rocks are described in Table 1. The
rocks can be generalized in much the same way as the onshore rocks from oldest
to youngest as follows (unit designations are from Table 1 and Plafker and
others, 1980). 1. An inferred Late Cretaceous sequence consisting of hard
graywacke, argillite, and possibly intrusive rocks (Unit A) is present on the
continental slope off Fairweather Ground, and probably underlies much of
Fairweather Ground. 2. A lower Tertiary sequence of Paleocene through
Oligocene age is present along parts of the continental slope from Fairweather
Ground to about Pamplona Spur. This sequence consists of upper Paleocene (?)
to lower Eocene (?) sandstone, conglomerate, and shale (Unit B), lower Eocene
basalt flows and pyroclastic rocks (Unit C), early to middle Eocene sandstone,
conglomerate, siltstone, and shale (Unit D), and upper Eocene and lower
Oligocene(?) shale, tuffaceous shale, siltstone and sandstone (Unit E). 3. A
middle Tertiary sequence consisting of upper Oligocene siltstone (Unit F)
crops out locally along the upper slope. 4. A middle Miocene(?) and younger
clastic sedimentary sequence (Unit G) is present along the upper slope, and is
equivalent to the onshore Yakataga Formation. Seismic reflection data show
that the Cenozoic rocks underlie much of the continental shelf and slope of
the Yakutat and Yakataga segments.

The Paleogene sedimentary strata (Units B, and D through F) are probably
continentally derived, with younger rocks deposited in progressively shallower
water. These rocks differ strikingly in lithology from coeval rocks either
exposed in outcrop onshore or penetrated in exploratory wells onshore or
offshore (Plafker and others, 1980).

The rocks of the Yakataga and Middleton segments have not been
extensively sampled by dredging. Dredge data, well data, and seismic
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Table 1. Stratigraphic summary of rocks dredged from the continental slope of the Yakutat segment,
Northern Gulf of Alaska (from Plafker and others, 1980)

Estimated
Maximum Thickness (m)
Unit Age Litholoqy and Comments Where Dredged

A Late Cretaceous Hard graywacke, argillite, and possible unkndwn
intrusive rocks.

B Late Paleocene (?) Calcareous feldspatholithic sandstone and 900
to early Eocene (?) conglomerate interbedded with hard
carbonaceous and organic-rich shale or
siltstone. Also includes subordinate
amygdaloidal basaltic flow and pyroclastic
rocks and diabase dike (?) rocks.

[ Early Eocene Dominantly basaltic flow and pyroclastic 1300
rocks with subordinate associated clastic
marine sedimentary rocks. Most basalts are
amygdaloidal; Plagioclase phenocrysts are
common, and serpentinized olivine phynocrysts
are locally present. Textures range from
glassy to diabasic.

D Early and Interbedded feldspatholithic sandstone, 2100

middle Eocene siltstone, organic rich shale, calcareous
and concretionary shale, tuffaceous shale,
ninor pebbly mudstone, tuff, volcaniclastic
and bioclastic sandstone, and basalt. Unit
contains a diverse and abundant microbiota
including coccoliths, foraminifers, siliceous
microfossils, polynomorphs, and organisms
characteristic of shallow-water tropical
carbonate reefs, such as algea, coral,
bryozoans, and echinoids.

E Early Eocene Organic rich shale, calcareous shale, 800
to late Eocene, tuffaceous shale, micaceous siltstone, and
and possible feldspatholithic calcite-matrix sandstone.
early Oligocene. Shale is commonly laminated and organic rich.
Sequence contains a rich biota of
microfossils, including coccoliths,
foraminifers, and palynomorphs.

F Late Oligocene Silty shale with abundant mica and a rich 300
diatom and silicoflagellate assembledge.
In contrast to underlying strata, calcareous
microfossils are absent and shale is
relatively low in organic carbon content.
Correlative in age with the onshore marine
Poul Creek Formation, but lacks the
characteristic Poul Creek glauconite, mafic
aquagene tuff and flow rocks, and foraminifers.

G Miocene and Marine mudstone, siltstone, sandstone, 2000
younger conglomerate, and conglomeratic sandy
mudstone or diamictite. Ice rafted
dropstones common. Correlative with the
Yakataga Formation. See Plafker and Addicott
(1976) for detailed study.
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refraction and reflection data, show that Paleogene rocks underlie much of the
Yakataga and Middleton segments, and are present at shallow depths beneath the
Middleton segment (Bayer and others, 1978; Bruns 1979, 1982; Bruns and Schwab,
in press; Plafker and others, 1980, 1982). Rocks of Eocene and Oligocene age
were penetrated in the lower part of the Tennaco Middleton Island Well,
drilled on state lands near Middleton Island (Rau and others, 1977). These
rocks can be correlated into the seismic data and underlie much of the shelf
and slope (Plafker and others, 1982; Bruns unpublished data). Seismic
reflection data and well control also show that strata coeval to the Yakataga
Formation underlie the continental shelf and much of the slope of the Yakataga
and Middleton segments (Bruns, 1979, Bruns and Schwab, 1982).

GEOLOGIC HISTORY

The following summary of geologic history is taken from work in progress
by T. R. Bruns and George Plafker and from Stonely (1967); Plafker (1971);
Plafker and others (1975, 1978 a,b,); Rogers, (1977); Jones and others
(1977,1981); Bruns (1979, 1982); von Huene and others (1979); Perez and Jacob
(1980); Lahr and Plafker (1980); and Bruns and Schwab (in press) The southern
margin of Alaska began to assume its present form in about mid-Cretaceous time
by assembly of several northward-moving microplates, including the Alexander
Terrane and Wrangellia, against Precambrian to middle Paleozoic rocks of
nuclear Alaska. During the Campanian and Maestrichtian, a volcanic arc
developed along the continental margin as a result of relative under-thrusting
by Pacific oceanic crust. During the existence of this arc, a volcanogenic
flysch and melange sequence with subordinate oceanic basalt (Chugach Terrane)
was accreted along the continental margin northwest of Chatham Strait in a
continuous belt up to 100 km wide, a subparallel volcanoplutonic arc was
developed on continental crust to the north of the accretionary belt, and
shelf deposits were laid down in an arc-trench gap basin.

A redistribution of plate motions at the beginning of the Tertiary
resulted in northeastward movement of Pacific oceanic crust relative to the
Alaska continental margin. As a consequence of these relative plate
movements, ensimatic deep sea fan deposits and associated oceanic tholeiitic
basalts of late Paleocene and early Eocene(?) age that comprise the Orca Group
and related rocks were accreted along the western part of the area to form a
belt with an exposed width of 110 km that probably also underlies mach or all
of the continental shelf west of Kayak Island. These deep sea rocks are
complexly deformed, mildly metamorphosed, and locally intruded by granitic
plutons.

During middle to late Eocene time, deposition at the continental margin
became regressive, with development of a thick coal-bearing lagoon, barrier
beach, and delta complex. The complex was supplied largely by sediment
derived from erosion of the now uplifted Cretaceous to early Tertiary
accretionary sequences and from granitic plutons emplaced in them. Bedded
rock units include the Kushtaka, Kulthieth, and Tokun Formations.

Transgression occurred during Oligocene and early Miocene time, and
predominantly shaly sediment accumulated, in part organic-rich, and
intercalated with water-laid alkali basaltic tuff, breccia, and pillow lava.
These bedded rocks comprise the Katalla, Poul Creek, and Cenotaph Formations.
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The present sedimentary and tectonic regime (fig. 6) results from
movement of the Pacific plate and an attached allochthonous microplate, the
Yakutat block (composed of the Yakutat and Yakataga segments of the
continental margin), northwestward relative to the Alaskan continental margin
since the early Miocene. Due to these motions, the Aleutian Trench and
associated volcanic arc developed by underthrusting of the Pacific plate and
attached Yakutat block beneath the continental margin in the western Gulf of
Alaska, the high Chugach-St. Elias range developed as a result of collision
and underthrusting of the Yakutat block in the northern Gulf of Alaska, and
dextral transform faulting prevailed along the Fairweather-Queen Charlotte
Fault along the eastern and northeastern margin of the Gulf of Alaska.

From the middle Miocene to the present, an enormous thickness of clastic
sediment comprising the Yakataga, Redwood, and Topsy Formations, and including
much glacially-derived material, was rapidly deposited in a predominantly
shallow shelf enviromment. Concurrently, deep-water sediments were being
deposited in slope basins and at the base of the slope. Simultaneous
compression related to plate convergence has resulted in complex folding and
thrust faulting of the bedded Neogene rocks throughout much of the Gulf of
Alaska, together with large-scale strike-slip faulting in the eastern Gulf of
Alaska. An additional consequence of these motions is that the Paleogene
rocks of the Yakutat block have been transported northward with the Pacific
plate, from an original depositional position that was most likely off
southern British Columbia.

OFFSHORE STRUCTURE

The structure and stratigraphy of the Gulf of Alaska continental margin
are interpreted from a regional network of multichannel seismic data (fig.
7). These data are correlated with dredged rocks of Plafker and others
(1978c, 1979, 1980) and with onshore and offshore wells to give approximate
ages of structural horizons interpreted on the seismic data. Depth conversion
of the seismic data is based on velocity logs from wells and on offshore
refraction and reflection velocity data (Bayer and others, 1978; Bruns, 1979,
1982; Bruns and Schwab, in press).

The multichannel seismic data indicate that the continental margin is
geologically complex with markedly different structural styles in the
southeast Alaska, Yakutat, Yakataga, and Middleton segments. Figures 8-20
show seismic lines and the major structural features for each of the areas,
either by line drawings of the seismic sections (southeast Alaska), or with
seismic sections, structural contour maps and isopach maps. Published
interpretations of the seismic reflection and refraction data include Bruns
and Plafker (1975), Bayer and others (1978), Bruns (1979, 1980, 1982), and
Bruns and Schwab (in press).

Southeastern Alaska
In the southeastern Alaska segment, the currently active trace of the
Queen Charlotte-Fairweather fault system lies near the outer shelf and upper
slope from Dixon Entrance to Cross Sound, then cuts across the shelf to join

the onshore Fairweather Fault (fig. 8; Carlson and others, 1979; Bruns, 1980).

Landward of the active fault trace, acoustic basement is either shallow
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or at the seafloor between Dixon Entrance and Chatham Strait, and little
structural information can be interpreted from the seismic data. Rocks
beneath much of the shelf are apparently highly consolidated, and are likely
similar to Mesozoic and Paleozoic rocks exposed in the adjacent onshore
areas. Between Chatham Strait and Cross Sound, a probable Neogene and
Quaternary age sedimentary wedge, with a maximum thickness of about 2.5 km is
present beneath the outer shelf. These strata thicken seaward and are ;
truncated at the Fairweather fault (fig. 8).

Seaward of the Fairweather fault trace, a sedimentary section ranging
from 3 to at least 5 km thick underlies the continental slope (fig. 8). This
section is interpreted to be Miocene and younger based on the age of oceanic
magnetic anomalies and on a seismic correlation to rocks sampled in DSDP hole
178 (Bruns, unpublished data).

From Dixon Entrance to Chatham strait, folds and faults within this
section are most likely wrench folds associated with the extension of splays
of the Queen Charlotte-Fairweather fault system across the continental
slope. Folding occurs in two zones (fig. 8; lines 951, 953 and 957).
Individual structures within these zones forms an en-echelon pattern typical
of deformation in a strike-slip tectonic setting (Harding and Lowell, 1979).
The folds at the base of the slope are probably Quaternary features. Folding
in each of the structural zones decreases in magnitude to the north. Between
Chatham Strait and Sitka only minor deformation of the slope section is seen
on the seismic records (fig. 8, line 957), and between Sitka and Cross Sound,
strata seaward of the Fairweather fault trace are undeformed (fig. 8, line
959). In the vicinity of Cross Sound, abyssal strata appear to onlap the
continental margin (fig. 8, line 961). Undeformed strata at the base of the
slope are about 3 to 4 km thick, and thin seaward.

Yakutat Segment

The Yakutat segment is bounded by the Fairweather fault, the base of the
continental slope, and the initial folds of the Pamplona zone, a zone of broad
folds and faults west of Icy Bay and beneath the Yakataga segment (fig. 9).
The structural character is illustrated by contour maps and four seismic lines
(figs. 10-14; Bruns, 1982).

The basement structure of the Yakutat segment is shown by contours on the
acoustic basement, which corresponds to the top of Eocene basalt in the
western part of the Yakutat segment and to probable Cretaceous or early
Tertiary rocks in the eastern part. The basement map shows three major
structural features: 1) a large structural high at the shelf edge that is
centered on Fairweather ground; 2) the Dangerous River zone, extending from
the western edge of Fairweather ground towards the mouth of the Dangerous
River, along which acoustic basement shallows abruptly by about 2 km from west
to east, and 3) two subbasins separated by the Dangerous River zone and with
their axis near the coast (fig. 10).

Strata of Paleogene age coeval with the dredged Eocene and Oligocene
sedimentary rocks are present in the western subbasin. An isopach map of
these strata shows that they range from about 2 km thick in outcrop at the

continental shelf to greater that 4.5 km thick near Icy and Yakutat Bays (figqg.
11). These strata onlap or are faulted against the acoustic basement along
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the Dangerous River zone and are either thin or not present in the eastern
subbasin. A large, gently folded anticline is present in the Paleogene strata
of the western subbasin, and this anticline is unconformably overlain by
undeformed strata of late Oligocene and younger age (figs. 11, 13, 14). This
structure was the major target for tracts leased in OCS lease sale no. 55
(fig. 9).

The Paleogene strata in the western subbasin and acoustic basement én
probable Cretaceous rocks in the eastern subbasin are in turn unconformably
overlain by late Cenozoic strata equivalent to the Yakataga Formation. These
strata dip towards the coast into a basin with the axis near the coast. A
structure map at the base of the late Cenozoic strata shows the maximum
thickness of these strata is about 4 km in the eastern subbasin, and up to 6
km between Yakutat and Icy Bays (figs. 12-14). The late Cenozoic strata show
only regional dip except in three areas; 1) on a gently folded anticline
trending onshore near the Dangerous River; 2) in a narrow zone near Lituya
Bay, and 3) locally over Fairweather Ground. The deformation on the anticline
near the Dangerous River may be due to minor reactivation of uplift on the
northern extension of the Dangerous River zone. The deformation near Lituya
Bay appears to be related to a major fault that parallels the coastline.
Seismic data within 3 km of the coast show flat lying late Cenozoic strata
{Bruns, 1982), while the coeval onshore strata are highly folded, with 900 dip
at the coastline (Plafker 1967; 1971). Dredged rocks indicate that the
Fairweather Ground high is cored by rocks primarily of Mesozoic to early
Tertiary age (Plafker and others, 1980) and is onlapped by strata of late
Cenozoic age. The late Cenozoic strata locally show uplift and truncation
over the high.

At the base of the slope, abyssal strata are as thick as 6 km and thin
seaward to about 2 km at a distance of about 60 km from the base of the
slope. The lower half of this section is of probable Oligocene to Miocene
age, while the upper half is of probable Pliocene and younger age. The upper
strata onlap the continental slope, while the lower strata are truncated by
faulting against the strata underlying the slope (figs. 13, 14). Several
major folds are present in the strata at the base of the slope, primarily
south of Fairweather Ground (figs. 13, 14). These folds developed during
Pliocene-Pleistocene time (Bruns, 1982).

Yakataga Segment

The Yakataga segment is bounded by the folded and faulted onshore
Tertiary rocks, by the eastern edge of the Pamplona zone, by Kayak Island, and
by the base of the continental slope. Numerous anticlinal folds beneath the
shelf were the target for leasing and exploratory drilling in OCS lease sale
no. 39, 1976 (fig. 15 and Table 2). The structure of the Yakataga segment is
shown by structural contours in lower to middle Pliocene strata (fig. 15), and
is illustrated by four seismic lines (figs. 16, 17). The segment is discussed
in detail by Bruns (1979) and Bruns and Schwab (in press), from which the
following discussion is taken.

The structure of the Yakataga segment is characterized by broad folds and
associated thrust faults beneath the continental shelf and slope (figs. 15 to
18). These folds and faults trend generally northeastward in the eastern part
of the segment to eastward in the western part of the segment (fig. 15).

30



*(ssoxd uT) qemydos pue sunig woxj °dqgT {an
-b13 @95 uoTjeueTdx®s I04 " (IL6T) I9MIeTd O3 pue gz 9[gel UO sIsqunu o3 puodssx
~I0D STI®M UO SIaquny °ST[OM pue g€ °OU afes S$OO UT pesSea] s3oeI] ‘Sauryoel
elep OTWSTOS TauueyoTiTnuw ‘soweu aoeTd burmoys jusuwboas ebejexex jo dew xspul ‘*BGT 8inbtg
OOE®! F vkl g

L0
0 H T T~
LN

0101

31



EXPLANATION

ONSHORE
Unconsclidated and surficlal daposits, including lake

beds and aliuvial, glacial, ilacustrine, end besch deposits
Sedrock outcrop

fceflalds

Exploratery well snd number (numbering from Plaf-

«N[OM

ker, 1971)
FauLts
PPN I e e A .. A7..A
Normal foult; u, upthrown side; Thrust or reverse foult; saw-
0, Sownthrown side teeth on upper plate

Deshed where epproximately locoted, dotted
where concealed; queried where inferred

FoLbs
)

———e ———.
Anticline Synciine

-———

Ovarturned anticline

Deshed where approximately located, dotted
where concedaled; queried where inferred

OFFSHORE

Muttichannel seismic-reflection line, cruise EGAL-75XB

—-410 M/V Cecil H. Green, 1975

Multichannel seismic-refiection line, cruise L6-77-EG
’22 1] A}
R/V S PLee, I977

976 Multichanne! seismic-reflection line, cruise L3-78-EG,
R/V S.P Lee, IST8

-¢—'° Expioratory well end number (see table 1)
Lease biocks, OCS sele aumber 39, April 1976

Sathymetric contours, I000m imerval and 200m contour

r‘} Structure contours in Km. Drewn on A (sheett), B (sheet

22 2), end C (sheet 3) seismic horizons. Coatour Interval
": .4 0.2 kilometer. Hochures indicata direction of dip. Con-
t?- 67  teurs dashed where coatrol is poor or uncertain

v~ - Truncation of mapped horizon; dotted where trunco-
tion is In subsurfoce

FauLts
Normal fault; U, upthrown side; Thrust orraverse faull; saw-
o, downthrown side teeth on upper piate

Dashed where controlis poar; queried
where uncertain

Forps

—_——r — 7
Anticline Syncline

Dashed where cantroi is poor; queried
where uncertain

Figure 15b. Explanation for figures 15a and 16.
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From Bruns and Schwab (in press).
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Anticlines are generally asymmetric and doubly plunging and are commonly
bounded on the seaward side by high angle thrust faults. Width of individual
structures ranges from about 4 to 10 km, and closure on the lower Yakataga
horizon along strike is present for distances of about 15 to 40 km. Dips on
the flanks of the anticlines commonly range between 5 and 15° on the landward
side from 5 to 30° on the seaward side. The amount of deformation is most
severe in the northern part of the shelf and onshore, and deformation
decreases in severity seaward (figs. 15-18). !

The age of the structures decreases to the south and southeast and shows
an overall deformation pattern of southeastward migration through time.
Structures of similar age generally define three structural zones, with
deformation within each zone ocurring at about the same time. Deformation of
a particular structure or structural age zone is followed by a combination of
regional subsidence of the shelf behind the migrating deformation front and
burial by rapidly deposited marine sediment. Varying degrees of reactivation
of the older structures has occurred after the initial deformation, resulting
in uplift, rotation and dissection of these structures. Deformation has been
a continuous process during late Cenozoic time, as seismic mapping shows
initiation of subsidence on one structural zone is accompanied by growth on a
more seaward zone. The deformation is a response to persistent northwestward
compression, and is a result of compression within the Yakutat block as the
block moves northwestward with the Pacific plate and collides with insular
Alaska.

Structural information on the seismic data from the Yakataga segment is
limited to strata of late Cenozoic age, since only on a few segments of the
seismic profiles is acoustic penetration through the thick Yakataga Formation
achieved. Therefore the structure seen on the seismic data developed during
the late Cenozoic, and extension of these structures into the underlying early
to middle Tertiary strata is inferred. The Paleogene section present beneath
the adjacent Yakutat shelf continues beneath the Yakataga shelf and may be
present at drillable depths in some of the major structures.

Middleton Segment

The Middleton segment is bounded by the Kayak Island zone, the base of
the slope, and Montague Island. The following discussion is from Bruns
(1979); a structure map and seismic lines showing the character of the segment
are shown in fiqures 19 and 20. The structure of the area southwest of
Middleton Island is poorly known, as little seismic data has been acquired in
this area. Structures on the Middleton segment include tightly folded and
extensively faulted anticlines trending generally eastward and a shelf-edge
structural high on which Middleton Island is located. The northeast-trending
Kayak Island uplift and its offshore extension are also considered to be part
of the Middleton segment since this feature has undergone significantly
greater deformation than any of the Yakataga segment structures (figs. 19, 20;
Bruns, 1979).

Kayak Island marks a major zone of convergence and structural
shortening. Late Cenozoic strata dip steeply or are overturned with tops
facing toward the northwest, and the sequence shows imbrication into narrow
slices by displacement on at least five large up-to-the-northwest reverse
faults. Late Cenozoic strata do not include any major angular unconformities
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along the Yakataga and Middleton segments. These thicknesses decrease rapidly
seaward, and are less than about 2 km over much of the abyssal plain further
than about 60 km from the base of the slope (von Huene and others, 1979;
Ludwig and Houtz, 1979; Bruns and Schwab, in press; Bruns, 1982; Bruns,
unpublished data).

The sediment at the base of the slope is most likely composed of
turbidites, hemipelagic, and pelagic sediments. Coalescing turbidite fans
along southeastern Alaskan form the thick sediment near the base of the
slope. Sediment along the Yakutat, Yakataga, and Middleton segments is in
part derived from prograding shelf sediments and in part from sediment that
bypasses the shelf and slope along major submarine canyons.

PETROLEWM GEOLOGY

Introduction

Abundant oil and gas seeps first directed attention to the petroleum
possibilities of the onshore northern Gulf of Alaska. One minor field at
Katalla was discovered and produced between 1902 and 1933, 25 wells and core
holes were drilled and abandoned onshore between 1954 and 1963, and one
offshore well was drilled and abandoned in 1969 on state lands near Middleton
Island. Available information on these wells is summarized in Plafker (1971),
Plafker and others (1975), and Rau and others (1977). A stratigraphic test
well was drilled on the OCS southwest of Cape Yakataga in 1975 (Table 2, fig.
15) but was terminated in Pleistocene strata at a depth of 1,570 m when
drilling and weather problems significantly reduced the chances of penetrating
potential objective horizons (Bolm and others, 1976). The first federal OCS
0il and gas lease sale in Alaska, OCS lease sale no. 39, was held for the
Yakataga shelf between Icy Bay and Kayak Island in 1976. Since the sale, ten
offshore wildcat wells have been drilled and abandoned with no discoveries of
commercial oil or gas. The location of these wells is shown on figure 15 and
drilling information is summarized in Table 2. A second lease sale was held
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